“AD-A192 675  PROPRANOLOL HND TME CDHPENSHTORV CIRCULATORY RESPONSES 14
ORTHOST!ISIS C(U) ARNY RESEARCH INST 0
Y IRONMENTAL HED!CINE NﬂTlCK MA C S FULCO ET AL.
UNCLASSIFIED 14 MAR 88 USARIEM-M-27/88 G 6719




r} B® 0l e 00 0 0 0 0t et 1Y 2 e ita” . v bt By st g Wyt gt Syt e e RO TE
", a't -".v"n'. :u!?u:?u:?n:‘..':f;cf‘.d’e'?.ol'ﬂf‘..,-g_' R e O N T P W U T YT TR T S D DT P U T T TS g
et
l'.‘q‘
» D
NG
ot

T e e ‘:“‘:""' 1t
1.0 BRRE 3
L K = o

| F A ]

-
——
—
——
:
—
(43
r
Fe
- =

L
-

s, - - K
s

g
N
m

I|I||

| G

-

.
pLLL

Wers

—— :

-
-

>

S Ry

P,

%

[ gkesses

.
s

..

St

LA AL
» .

APl B FRPIIAL

- - - - L 4 w
] e, . AV s AR
“::’ R 'W‘v:{:‘*"" AR RN ARG ARG
'\..o. Nty '\; PRI CERDALIY ‘,,(‘- "r»," ‘b"-.” '~. plpte s ""ﬂf-\/ NN A
‘ |:"| "ﬁn h R R A .'“- { "'-‘l"'“” o ": .- "* ":‘ﬁ" (oo \"’ o :}p"’ RSN "‘\&:"
N R R R s
K + 3 Pe h "



- . T

I WL WA W

A O P S O E N N A R T N Y AN U UKL U U U oy e O U T N T Y Y T R U TR
:

° .~ DT FILE CoPy @

2
2
e :"
v
Propranolol and the compensatory circulatory responses to ‘.:ﬁ:
orthostasis at high altitude. ‘:‘;'.:
Lt
o
Charles S. Fulcol, Allen Cymermanl, John T. ReevesZ, Paul B. Rockl, i‘:‘;::
Laurie A. Tradl, Patricia M. Youngl, and M. Amjad Hameed3 By
)
X
o) 1p1titude Research Division :"
~4 US Army Research Institute of ey
Environmental Medicine o
o Natick, Massachusetts 01760 A
UsA b
N e
(o)) 2Cardiovascular Pulmonary Research Laboratory
University of Colorado Health Sciences Center Wi
< Denver, Colorado 80202 iy
USA ::
' ) .‘l
0 3Army Medical College 2
Physiology Department _
< 22 Range Road ; DY
Rawalpindi, Pakistan 3 ":
g ;
DTIC '
11‘»
ELECTE ]
W ]
Running title: Propranolol and tilt at altitude APR O 1 1088 N .
P
H )
Mail proofs to: Charles S. Fulco CQ "‘:
Altitude Research Division '!':":
USARTEM W
Kansas Street qs
Natick, Massachusetts 01760 BN
USA x
Report Noe ".1'_:‘.
USARLEM~M~37/88 e
o
from Form 50 slb 5-19-88 ;:
e g
DISTRIBUTION STATEMENT A ;: ]
Aporoved for public mlexse; Ny
g9 23/ 077 #
0,
A
G, A A A T W £ G T S LR LR AR R R CHR L G RN (L R TR N A iGe!



RN AN A TR AN R U AN AN CE R AN AN AN AR AN X RN AR KA ¥ a0 00" St 0y Uat far Bat Nat B atat bat Bt a B e a0s ) a4 a%e 2 %8 a0k 2% avh als 2"t &'d o

Unclassified -
] [ RIS PA R l!‘&d AZII‘ 2’1
\—r v

Form Approved
) REPORT DOCUMENTATION PAGE OMB No. 0704-0188
Ta. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
28, SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT
Approved for public release, distribution

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE is unlimited

4. PERFORMING ORGANIZA’ION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

%NgME OF PE ORwN]_G ORGA Z%TION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

.5. Army Rsch Inst ol Env Med (If applicable)

oL Natick, MA 01760~5007 SGRD-UE-AR
§ ' l e —r—————————
A 6. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
.‘
i
i:.:
WY

8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
W ORGANIZATION (if applicable)
:ﬂ: .

\J
i:a ; 8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
B | PROGRAM PROJECT TASK WORK_UNIT
B | ELEMENT NO. | NO. NO. IACCESSION NO.
| 3M161102BS

¥ [r———— . D n
W™ V1. THLE (include Security Classification) Propranolol and the compensatory circulatory responses to

é; orthostasis at high altitude

] e ———————————
ey 12. PERSONAL AUTHOR(S) C, Fulco, A. Cymerman, J. Reeves, P. Rock, L. Trad, P. Young, M. Hameed
e
1 —
B 13a. TYPE OF REPORT 13b. TIME COVERED 14, DATE OF T (Yesr, , Day) ]15. PAGE COUNT
:::. ' Manuscript FROM TO
:“\' W 16. SUPPLEMENTARY NOTATION
;’
L —
EA I | i7. COSATI COOES 18. SUBJECT 1ERMS (Continue on reverse if necessary ana identify by biock number)
. FIELD GROUP SUB-GROUP
o
Ry
+ }
' ——— - - - -

:gl }I 19. ABSTRACT (Continue on reverse if necessary and identify by block number)
)

- See attached sheet

\I

HN)

~

I

A

)
.}‘
s
ft'

‘ 20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
~ BXUNCLASSIFIED/AUNLIMITED  [J SAME AS RPT. ] DTIC USERS
0 22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (include Area Code) | 22¢. OFFICE SYMBOL
% lechaclessEulcq (6123 63124987 SCRRUEAR ]

e DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE




AR

L ot
L

e
’I...S ..

DIZT OSITION FORM

Fo.v'uu Of thib form, see AR 340-15; the proponent agency is TAGO.

REFERENCE OR OFFICE S8YMBOL SUBJECT
SGRD-UE-AR (70-14a) Request for Clearance of Technical Paper (USARIEM)
T0O Commander, USARIEM FROM C, ARD DATE 1 March 1988 CMT 1

1. Reference USARIEM Memo 360-1, request clearance of attached [(XImanuscript, ("] abstract, [_Jpresentation,
[] technical report, (] review article. Report Documentation Page, DD Form 1473 (is)(is not) attached.

Title _Propranolol and the compensatory circulatory responses to orthostasis at
high altitude

Author(s) C. Fulco, A. Cymerman, J. Reeves, P. Rock, L. Trad, P. Young, M. Hameed

Aprited
Intended for publication in Eur. J. of/ Ig'\ysiol

Intended for presentation before

Location Date

2. Budget Project No.3M161102BS15 Cost Code 846008210141

3. Attached contains no classified material. It meets accepted standards for scientific accuracy and propriety. It
contains no potentially sensitive or controversial items.

et

ALLEN CYMERMAN, Ph.D.

Encl C, ARD
SGRD-UEZ ( )
THRU Chief, Admin Svc Br FROM Commander DATE /¥ W]M & CMT 2

10 th all fes. Oiv
S Clearance is granted.

() Cilearance is not granted.

[ This document must be forwarded to USAMRDC for clearance.

G0 7
/ngywzé
Encl DAVID D. SCHNAKENBERG

nc Colonel, MS
Commanding

* CLEARANCE NO. M37-88

NATICK FL 453
1 Jun 88 EDITION OF 1 DEC 84 IS OBSOLETE.

D A :8:: 2496 PREVIOUS EDITIONS WILL BE USED B U.S. Government Printing Oftige: 1983—608862

‘u!{"l‘."’_.“'\.u"'“




R AR AR AN S WA T KA R MY \ : WL WU WU WA AR AR A AU A O AN ANV AN U MY WUV ULV IR OO

SUMMARY

\sirachycardis has been shown to be an important response involved in the
defense of cardiac output during orthostasis at high altitude. This study was
undertaken to determine if tachycardia, mediated by beta-adrenergic sympathetic
stinulation, actually represents an essential response. Twelve young, healthy male
subjects received either 80 mg propranolol (n=6) or placebo (n=8) treatment, t.i.d.
at sea level and for 3 days prior to and during the first 15 days of a 19-day
altitude sojourn. Individuals were randomly assigned to each group. Upright tilt
tests were performed at sea level on and off treatment, at high altitude during
days 2,7, and 15 on treatment, and on day 19 off treatment. Heart rate, stroke
volume, calf blood flow, upd blood pressure were obtained during supine rest and
after 12 minutes of Gﬂi‘izii. There were no differences between groups in any of
the circulatory measurements at sea level and altitude while off treatment. While
on treatment at sea level and altitude, propranolol caused reductions in heart rate
and blood pressure values in each position (p<0.05). Supine and upright cardiac
output, however, were found not altered due to compensatory increases in stroke
volume (p<0.05). It was concluded that tachycardia, both at rest and during upright

tilt at high altitude is important, but not essential to defend cardiac output.
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INTRODUCTION

The sympathetic nervous system is stimulated during high xltitude

"exposure (Maher et al. 1978, Maher et al. 1975). The level of sympathetic activity,

as reflected by plasma and urinary catecholamine levels, becomes significantly
elevated within 24-36 hours of the initial exposure and remains elevated during
high-altitude residence for at least three weeks (Cunningham et al. 1965, Fulco et
al. 1985). The increase in sympathetic stimulation results in a tachycardia at rest
that helps to defend against an altitude-related reduction in stroke volume for the
duration of the sojourn (Fulco et al. 1985, Grover et al. 1976). However, since the
reduction in stroke volume is not totally compensated for, resting cardiac output
also eventually declines at altitude (Fulco et al. 1985, Hoon et al. 1877). Despite
this reduction in cardiac output, blood pressure is maintained or increased above
sea-level values (Fulco et al. 19085, Malhotra and Murthy 1977).

The cardiocirculatory responses to a rapid and passive change from the
supine to the upright position on a tilt table are similar to the responses which
occur during altitude exposure. As with altitude, tilt increases sympathetic
activity, plasma catecholamine levels, heart rate, and total peripheral resistance,
and reduces stroke volume and cardiac output (Fluck and Salter 1873, Fulco et al.
1985, Loeppky 1975). Previously, we had considered that the circulatory demands
during orthostasis would not be adequately compensated for during a high-altitude
exposure due to the reductions in stroke volume and cardiac output (Fulco et al.
1985) . However, contrary to our hypothesis, upright tilt was well tolerated. During
the first hour at altitude (4300 =), the major compensatory responses to upright
tilt were tachycardia and an increase in total peripheral resistance. As the
exposure continued to five days, the ability to maintain orthostatic homeostasis
was provided only by tachycardia.

These findings clearly illustrated the importance of tachycardia in
defending cardiac output during a central circulatory challenge at altitude. Also,

the findings suggested that the increase in heart rate may actually represent an
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- .essential response given that stroke volume was reduced and may not have been able .
to adeqﬁstoly contribute to the defense of cardiac output. The opportunity to \
‘investigate this possibility was made possible during a recent investigation (Moore
et al. 1086).

The approach used in the present study was to administer propranclol, s
beta-adrenergic blocking agent, to healthy subjects going from seas level to high

altitude and to measure heart rate and stroke volume responses to upright tilt. It 0

was hypothesised that by blocking the normal increase in heart rate, upright tilt b,
would be less tolerated at altitude. This study also provided the opportunity to zi
describe for the first time, the effects of propranolol, the sixth most widely-used i#
prescription drug (The National Disease and Therapeutic Index 1984), on the éﬁ
systemic circulation during two weeks of residence at high altitude. :i
o
METHODS g?
The subjects were twelve healthy males with an mean age, height and fﬁ
weight of 21.3 years, 174.9 ca, and 73.7 kg, respectively. None had been exposed to }%
high altitude for at least six months prior to initiation of this study, and none :é
bad any contraindications to altitude exposure or to administration of propranolol. f§
All gave their informed consent prior to participation in the study. Prior to any Eﬁ
tilt-testing, the subjects were randomly assigned to either a control (n=6) or an .’
experimental group (n=8). jﬁ
During the study, each subject was tested on a tilt table a total of ~é
seven times: three times at sea level (Natick, MA; 50 m, PI02=159 Torr) and four ;ﬁ
times during residence on the summit of Pikes Peak, CO (4300 m, PI02=94 Torr). The ;
ambient temperature during testing was 23 + 2°C. at both locations. After the i
initial sea level test, the experimental group was given 80 =g propranclol
(Inderal; Ayerst Labs) P.0., and the control group an identically-appearing placebo P
-~

every eight hours for seven days prior to and during the day of the second sea-

. 3 ~ Nl L W M e e S Se e SN e L e N N L e N,
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'blcvoi't;lt test. The subjects were tested for a third time at sea level after being §;
61! treatsent for four days. Ten days later, propranolol or placebo treatment was ‘3{
again initiated beginning three days immediately prior to and continuing through 2:
the first 15 days of residence at altitude. Tilt tests were performed on days 2,7 V&S
and 15 of the altitude exposure. Four days after termination of treatment at g{
altitude (day 19), the subjects were tilt-tested again. Although the subjects were fs
blind to which treatment they were receiving, investigators were not because of the >
observed attenuation of heart rate during the tilt table tests. E.

After seven days of treatment at high altitude, serum propranolol levels ﬁé
were measured in blood samples drawn before and 1.5 hours after ingestion of 80 mg §§
of propranolol to determine ainimal and maximal serum propranolol concentrations §§
(Moore et al. 1086). The assays were performed by high-performance liquid :3
chromatography with fluorescence (Aarons et al. 1980). ﬁg

H
Testing Protocol Overview i

The tilt tests were performed during the same time period each morning to 3!
eliminate any potential diurnal effects. The order in which the subjects were .ﬁ
tested within the time period was randomised. Smoking, eating and physical activity %ﬁ
were prohibited for at least two hours prior to testing. Calf volume was determined ég
by water displacement within a day of each of the sea level and altitude tilt :%
tests. Hemoglobin and hematocrit were determined using a sample obtained from an '$
ara vein during the morning of the tests, for the estimation of any possible change ?;
in blood and plasma volume (Dill and Costill 1974). ’S

For each tilt test, impedance electrodes were placed as described below. ‘?
The subject then laid supine on a slightly padded 60 ca x 200 cm tilt table :!
surface. Securing straps and a steel foot rest allowed subjects to remain passive E‘
when changing from one position to another. A blood pressure cuff was placed around o
the subject’s right upper arm, and impedance monitor cables were connected to the ]
electrodes. When the subject was tilted to the upright position, his right arm :S;
rested at heart level on a shelf next to the tilt platfora. ﬁ
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b ¢

Blood pressure and heart rate were determined in the supine position A

ivbry two minutes for at least 12 minutes to insure true baseline values using an A
¢

‘electrosphygmomanometer (Vita-stat; model 900s). From minutes 12-14 of supine rest, e

thoracic and peripheral impedance data were obtained. At minute 15, the subject was
tilted (<2 sec) to a head-up 60° angle. Blood pressure and heart rate were
determined each minute for the first five minutes in the upright position and every
two minutes thereafter. At the end of minutes 5 and 12 of tilt, upright thoracic

and peripheral impedance data were obtained. .

Pk S e

Impedance

Impedance data were obtained using an impedance cardiograph (Minnesota;

-
Xt

model 304b). The methods and the theoretical basis determining physiological
variables from impedance data have been presented elsewhere (Baker et al. 1971,

Nyboer 1959). During the present investigation, ECG electrodes were used instead of

P
- )

band electrodes. Agreement between these two types of electrodes for impedance
" measurements has been shown to be excellent (Shvarts et al. 1983). A constant 9

sinusoidal current (4mA, rams) with a frequency of 100 KHz applied to electrodes

»

located on the forehead and lateral malleolus served as excitation current sources. ;

The four pickup electrodes were located as follows: 1. on the base of the neck (3 ¢

o -

ca to the right of the first thoracic vertebra); 2. 30 ca directly below on the 3

1
-

back, and; 3. two electrodes on the lateral segment of the calf, 10 and 20 cm above

the excitation electrode located on the lateral malleolus. Electrode sites were 3J

LR
B o

carefully measured for consistency of placement from day to day. Thoracic impedance )

changes recorded via the back electrodes were used to estimate stroke volume and

5 -
]

cardiac output while the other two lower limb electrodes were used to estimate calf 1

blood flow. To eliminate movement artifacts due to respiration during the

o

collection of the impedance signals, subjects were instructed to hold their breath

e,

after a normal exhalation.
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A minicomputer (MINC; Digital Equipment G&rp.) was used to digitize,
store aﬁd analyse the impedance signals. Calculations of volume and flow were made
‘according to Nyboer (1959) and others (Shvarts et al. 1083, Van De Wall et al.
1973) using the systolic downstroke extrapolation method. Most studies utilizing
the impedance technique use constant values for blood resistivity which assumes
little or no change in hematocrit (Hoom et al. 1977, Mori et al. 1982, Shvartz et
al. 1983). However, because the possibility that hematocrit would be altered due to
the altitude exposure, a value for blood resistivity was calculated daily from the
hematocrit for use in the impedance equations (Hill and Thompson 1975). Heart rates
were calculated from the impedance pulse recordings. Cardiac output and peripheral
blood flow were determined by multiplying heart rate by the volume value obtained
from the back or calf electrodes, respectively. Systolic and diastolic blood
pressure were determined using the electrosphygmomanometer. Mean arterial pressure
was calculated by adding 1/3 pulse pressure to the diastolic blood pressure. Total
peripheral resistance was calculated as mean arterial pressure divided by cardiac
output. The data were analysed using a repeated measures ANOVA and, where
appropriate, the Neuman-Keuls post hoc test. Statistical significance was chosen at

p<0.05.

RESULTS

There were no significant differences in either of the groups in any of
the circulatory parameters measured on the two off-treatment test days at sea
level. Therefore, the values collected on the last test day (the closer of the 2
days to the altitude sojourn) were used as the sea-level baseline values.
Additionally, since no significant differences were found between the 5th and the
12th minute of tilt in any of the variables measured at sea level or altitude, only

the 12th minute was used for comparison. Blood serum levels of propranolol were

significantly increased and the increase was sustained between doses (from 65 + 8
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’.n;‘1151 ismediately before, to 108 + 13 ng'al-l 1.5 hours after, an 80-mg

brbpnanolol dose) (Moore et al. 1986). Tables 1 and 2 present the mean values for

‘the cardiocirculatory variables in the supine and upright positions at sea level

and on days 2,7,15, and 19 of altitude on and off placebo or propranolol treatment.
[ TABLES 1 and 2 HERE ]

Both groups had similar values for all of the parameters measured in each
position in the sea-level, off-treatment, baseline testing day. Each group also had
similar responses to tilt (defined as the change in values from the supine to the
upright position). During the sea-level on-treatment day, however, several
differences between the groups were apparent. Propranolol caused reductions in
supine heart rate and blood pressure, and reductions in upright heart rate and
cardiac output. However, the response to tilt was not affected.

Both altitude exposure and propranolol treatment had an affect on supine
and upright cardiocirculatory measurements. In the placebo group in both positions,
blood pressure, heart rate, and total peripheral resistance increased, while stroke
volume and cardiac output decreased with time at altitude relative to sea-level,
off-treatment values. Supine, but not upright, calf blood flow in the placebo group
increased during the altitude exposure.

In the propranolol group, on treatment at ulfitude, supine stroke volume
and cardiac output decreased, supine total peripheral resistance increased, while
thg supine values for blood pressure, heart rate and calf blood flow were not
altered from the sea level, off-treatment values. The direction of change of most
of the circulatory measurements obtained in the upright position were similar to
those measured in the supine position. The only notable exception was upright
stroke volume which was not significantly reduced below the stroke volume value
seasured in the same position at sea level, off-treatment.

The most consistent differences between the placebo and propranclol groups
on treatment at altitude were lower values for blood pressure and heart rate, znd a

bhigher value for stroke volume in the propranoclol group. Four days after treatment
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" was terminated (day 19 of altitude), there were no differences between the groups

in any of the cardiocirculatory variables measured. The attenuated heart rate and

blood pressure values of the propranolol group measured while on treatment

recovered during the off-treatment period to the levels obtained by the placebo
group.

In response to tilt at altitude, only the heart rate response on days 7 and
15 of the exposure differed between groups. The heart rate response of the placebo
group was increased above their sea-level, off-treatment values throughout the
altitude exposure. The heart rate response of the propranolol group (on treatment)
was not different from their sea- 1level values. 0ff treatment (day 19), the heart

rate response to tilt was similar for both groups.

DISCUSSION

It appears that beta-blockade had =minimal effects on the relative
cardiovascular responses to tilt and the ability to remain in the upright position
at sea level and altitude despite significant alterations in the absolute values
for heart rate and blood pressure. Our findings at sea level were expected and were
consistent with previous work (Loeppky 1975). However, the effects of beta-blockade
during upright tilt at altitude were not predicable based on sea-level responses.
Prior to this study, it seemed reasonable that the contribution of the beta-
adrenergic system would become increasingly important in the maintenance of
homeostasis during upright tilt as other factors were attenuated. For example,
stroke volume, which decreases during upright tilt at sea level, has been shown to
gradually decline and remain below sea level values for at least 10 days at high
altitude due to a reduction in blood volume and/or a reduction in myocardial
contractility (Alexander and Grover 1983; Fulco et al. 1985; Tucker et al. 1976).
Cardiac output mirrors the reduction in stroke volume after the first few days at

altitude (Fulco et al. 1985, Hoon et al. 1977).
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In the present study, at altitude, supine and upright heart rates for the

propranolol group (on treatment) were not elevated above the sea- level, off-
‘treatment baseline values. However, when compared to the sea- level, on-treatment
values, heart rates in both positions were elevated. There are iwo explanations to
account for the increase in heart rate measured in the transition from the supine
to the upright position and from sea level to altitude during beta-adrenergic
blockade. One is that total beta-blockade was not present during thke tilt tests due
to insufficient dose of proprasolol or the lack of’ test subject compliance in ;
taking the tablets. These possibilities are not tenable. Serum propranoclol levels
were measured and found to be increased and sustained between doses (Moore et al.
1986) . Furthermore, Maher et al. (1875) showed that with continued exposure to high
altitude, the amount of propranolol necessary to produce a comparable level of
beta-blockade actually decreased from sea level. The implication for the present
study is that if all beta-receptors were not blocked initially, a greater blockade
would take place with continued exposure. The fact that heart rate remained
constant throughout the exposure is consistent with total beta-blockade. Also, test
subject compliance was monitored closely, and all tablets were taken on schedule.
The other, more plausible explanation for the relative tachycardia during
beta-adrenergic blockade is a withdrawal of parasympathetic tone. Others have shown A
that the tachycardia associated with upright tilt at sea level is a combination of f
an increase in sympathetic tone and a reduction in parasympathetic tone (Loeppky
1975; Malhotra and Murthy 1977; Robinson et al. 1966). There is no increase in
heart rate during tilt only when there is total blockade of both legs of the
autonomic nervous system (Robinson et al. 1966). The suggestion that
parasympathetic withdrawal may contribute to the tachycardia during supine rest
from sea level to altitude is new. It cannot be determined from the present study
if the increase in heart rate due to the hypothesised parasympathetic withdrawal
occurs normally during altitude exposures or is only a compensatory response to

help maintain cardiac output and blood pressure. Hartley et al. (1974) showed that
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- parasympathetic activity contributed to the reduction in maximal exercise heart

rate foﬁnd at altitude, a result consistent with the latter explanation.

Another interesting finding was that the stroke volumes measured in the
propranolol group (on treatment) became significantly higher than the corresponding
values for the placebo group as the exposure continued. The increase in stroke
volume apparently was enough to compensate for the propranclol-induced reduction in
heart rate so that cardiac output did not differ between groups in either position
on treatment at altitude. This finding was surprising for three reasons.

The first is that plasma volume decreased approximately 22% from sea level.
A reduction in plasma volume is consistent with a reduced venmous return and stroke
volume. Secondly, myocardial contractility may be reduced during chronic exposure
to hypoxia (Alexander 1967; Tucker et al. 1076) and during treatment with
propranolol (Cohn 1985; Ferguson et al. 1983). It was thought that superposition of
these two conditions would further attenuate myocardial contractility and, thus,
interfere with adequate cardiocirculatory responses to altitude and to tilt.

The third reason for not expecting stroke volume to increase at altitude,
especially in the upright position, is that the increase in total peripheral
resistance normally seen in tilt at sea level does not comsistently occur in
response to tilt at altitude (Fulco et al. 1985). With tilt, there is increased
sympathetic activity and a release of catecholamines into the blood stream (Fluck
and Salter 1973). Because the levels of catecholamines are already at an elevated
level at altitude, the additional sympathetic nerve activity during tilt is thought
to be too small to cause a further significant constriction of the resistance
vessels (Fulco et al. 1985). Given that total peripheral resistance did not differ
between the two groups in this study, it is not likely that the greater stroke
volume in the propranolol group during treatment was due to a greater
venoconstriction and increased venous return. It is possible that the major reason
that stroke volume was increased was that the heart chambers, due to the relative

bradycardia, had a longer period of time in which to fill. The increase in end-
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" diastolic filling pressure and ventricular dimension would increase stroke volume
via the Frank-Starling mechanisa (Epstein et al. 1965).

The gradual rise in diastolic and mean blood pressure noted during the
altitude exposure in the placebo group is similar to the rise reported in previous
studies (Fulco et al. 1985; Malhotra and Murthy 1877; Vogel et al. 1874). The rise
was not seen in the propranoclol group (on treatment) when compared to themselves at
sea level (off treatment) and when compared to the placebo group at altitude.
However, when compared to their own blood pressure values obtained while on
treatment at sea level, the altitude values for diastolic and mean blood pressures
for the propranolol group were elevated. Thus, propranolol is an effective anti-
hypertensive agent at altitude, but the effects are not as pronounced as at sea
level. This reduced effectiveness may be due, in part, to increased adrenergic
activity at altitude. Because propranolol is a nonselective beta-adrenergic
blocking agent, peripheral as well as cardiac beta-receptors are blocked during
treatment upsetting the balance between the vasoconstrictive action of alpha
receptor stimulation and the vasodilative action of beta-receptor stimulation in
the periphery in favor of the alpha receptors (McSorley and Warren 1978; Shephard
1085) . The relative increase in alpha-mediated sympathetic tone may also explain
the reduced blood flow measured in this study as well as in others during treatment
with propranolol (Cohn 1985; McSorley and Warren 1978; Nies et al. 1973).

- In summary, this study was undertaken to determine if the altitude-induced
tachycardia represents an essential response to a cardiocirculatory challenge. The
results indicate that tachycardia is not essential in defending cardiac output

because of a compensatory increase in stroke volume.
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TABLE 1

Cardiocirculatory variables in the supine position at sea level and on
days 2,7,15, and 19 of altitude with and without
placebo or propranolol treataent.

on treatment

(off treatament) (

(off treatment)

Variable SL SL Alt (2) Alt (7) Alt (15) Alt (19)

00 ressure -

(unllg)
Systolic

Placebo 118 + 3 113 + 2 122 + 6 122 + 3 120 + 3 120 + 6
Propranolol 121 + 5 111 + & 126 + 4 17 +3 121 + 3 123 + 5
Diastolic
Placebo 65 + 4 86 + 4 69 + 5 76 + 2 79 + 4# 75 + 4
Propranolol 65 + 2 58 + 3t 88 + 2 63 + 3* 66 + 2* 75 + 2f
Mean
Placebo 83 +3 82+3 86 + 5 91 + 2 93 + 3# 90 + 3
Propranclol 83 + 3 75+ 3 87+ 2 81 + 3* 84 + 2* 91 + 3
Heart Rate 0 v
eats-min~1)
Placebo 57 + 3 48 + 1 68 + 4 80 + 4# 81 + 5# 78 + 5
Propranolol 68 + 7 45 + 2 56 + 3* 56 + 3* 62 + 5* 74+ 8
Stroke Volume
-beat™1)
Placebo 72 + 7 83+6 58 + 4ft 43 + of 33 + aft 42 + 3#
Propranolol 79 * 11 922+5 68+ 5 53 + off 50 ¥ 4ff+ 47 ¥ 4
Cardiac Qutput
(L-min~1)

Placebo 4.17 + 0.564 3.94 + 0.26 3.07 + 0.53_ 3.49 + 0.60, 2.62 + 0.18% 3.24 + 0.31
Propranclol 4.96 + 0.62  4.17 ¥ 0.32 .3.80 + 0.30# 2.01 + 0.2 3.09 ¥ 0.40# 3.37 7 0.26#
Total Peripheral

Resistance

-?EEEETE=I7iin‘1) .

Placebo 21.7 + 2.9 21.4+1.8 23.7+2.9 20.0+3.6f 36.4+31% 29.0+ 274
Propranolol 18.3 + 2.4 18.3+ 1.3 24.1+2.2¢ 28907 2.4% 2023 2.0f 2767 1.8#
Calf Blood Flow

(ol 2in-1-100ul-1)
Placebo §.87 + 0.96 5.35 + 0.57 6.45 + 0.61 7.17 + 0.41 9.06 + 1.86% 8.12 + 0.71#
Propranolol 7.85 + 1.14 6.26 + 1.16 6.06 + 0.94 5.58 + 0.47* 5.51 * 0.82 6.72 ¥ 0.53

Values are means + S.BE.

SL= sea level; Alt= altitude

» Significantly different from the placebo group (p<0.05) .

# Significantly different from corresponding SL, off treatment values (p<0.05)
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g Cardiocirculatory varisbles in the upright position at sea level and on '
1! " . days 2,7,15, and 19 of altitude with and without i
‘ ' placebo or propranclol treatment. v
3 (off treatment) ( on treatment ) (off treatment) ]
X Variable Y SL Alt (2) Alt (7) Alt (15) Alt (19) )
g Blood Pressure !
i (mmHg) .:
A Systolic 4
Placebo 120 + 3 118 + 27 129 + 7 123 + 5 131 + 5~ 122 + 5
5 Propranclol 123 + 3 114 + 6 120 + 7 126 + 9 120 + § 129 + 7 "
W -
;: Diastolic :
) Placebo 78 + 37 77 + 47 78 + 4 78 + 3 85 + 2 79 + 2 t
Propranolel 78 + 67 66 + 37* 73+5 77 + 57 74 + B 84 + 47 -
4
& < Mean | §
=% Placebo 92 + 37 90 + 27 94 + 4 93 +3 100 + 1 03 + 2 !
b2 - g Propranolol 91 + 4 81 + 47 8 + 4 92 + 67 89 + 5* 99 + 57 )
4 "
: Heart Rate , . 4
s (beats-min-1) K
) Placebo 84 + 8~ 71+ 7 09 + 10# 118 + 67F 122 + 3°# 116 + 67# -
R Propranolol 94 + 67 62 + 5% 82 + 67 80 + 87* 86 + 87* 119 + 8°# o
‘ b ¢
.+« Stroke Volume d
b Placebo 48 + 5° 47 + 5~ 35 + 374 25 + 27# 22 + 2°# 23 + 2°#
.4 Propranolol 48 + 67 47 + 3° 42 + 4 34 + 3 36 + 47* 26 ¥ 3°# )
. Cardiac Output ,
;- (L-min~1) Y
. Placebo  3.93 + 0.35  3.26 + 0.37 _ 3.39 + 0.35, 2.94 + 0.30% 2.62 + 0.19# 2.65 + 0.237# .
7 - Proprazolol 4.40 ¥ 0.58  2.86 % 0.227# 3.38 ¥ 0.31% 2.70 + 0.24# 3.00 T 0.26% 3.23 ¥ 0.20# '
Total Peripheral
Resistance
L muig- L= -lin"l)
P>~ 3 Placebo  25.7 + 2.6 30.3+4.8° 20.9+4.1 33.8+3.0% 30.4.+20f 36.5.2.38%
..  Propramolol 23.1%3.8" 20.6+2.8" 27.2%2.4 35.2+21¥ 31.3v3.3 .33.673.3f 1
14 - R v
™ Calf Blood Flow '
(al-min-T-100m1-1)
Placebo  4.34 + 0.45 4.1 + 0.40" 4.75 + 0.68 6.31 + 0.40 6.890 + 1.04 6.77 + 0.72 3
) Propranclol 6.58 ¥ 1.44  4.00 + 0.61° 4.56 + 0.38 4.85 + 0.47 4.62 + 0.82 5.66 + 0.34 N
. Values are means + 3.E. ]
' SL= sea level; Alt= altitude A
+ Significantly different from the placebo group (p<0.05) .
f Significantly different from corresponding SL, off treatment values (p<0.05)
E - Significantly different from supine position (p<0.05).
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